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ABSTRACT

The internal structure of the columns from one-pound high-explosive
shallow underwate- explosions has been investigated by means of weter
sempling for several shallow charge depths. Water semples taken at
varying times across the column diameter at several heights up to 8 £t
are used to compute the thickness of the water seal between the explo-
sion product gas bubble und the air of the initial column formation
and the total volume of waster ejected into the column. These are com-
pared with computed seal thickness and water volume assuming outward
flow of the water over the charge to be only radial in direction. Samp-
ling date is used along with above-and below-surface photographs to
construct & time sequence of the column structure for charge depths of
5.5 and 12 in. It is shown that true radial flow of water over the
charge occurs only during the very early initial bubble expansion and
is soon supplanted by a tangential flow which converges well above the
surface. The converging water results in both an upward jet which
rises high into the air end a downward jet which penetrates through the
underwater bubble.




SUMMARY

The Problem

A complete phencmenology of shallow underwater explosions is un-
svailable for use in the prediction of the radiological effects from
underwater nuclear weapons. Oaly recently have attempts been made to
determine on a small scale some internsl features of the resulting
above-surface plumes with sampling instruments and pressure geges. This
investigation will undertske the problem of describing the internsl
structure of the columns with time for shallow l-pound underwater explo-
sions. Sampling at several levels above the water surface provides the
basic data for determination of the internal structure.

Findings

It was found that the water forming the column flows from the charge
center both radially and tangentially, thus coverging well above the
water surface. The converging water forms both an upward jet rising
high above the surface and & downward jet which protrudes through the
expanding underwater bubble. The volume of water flowing into the
downward jet is approximetely equal to that in the upward jet. The
total projected volume of water in the column has been determined with
time for charge depths of 5.5 and 12 inches. Thickness of the water
seal between the explosion products and the perturbed water surface is
given for charge depths of 2.5 t~ 2% in. Comparison of these values
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. of seal thickness and volume of water projected into the column with
those values calculated by assuming pure radial flow of water surround-
ing the charge chows that water flow in the column has a large non-radial
or tangential component.
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PREFACE

The U. S. Naval Rediological Defense Iaboratory is conducting the
Hydra Program iu order to determine the radiological effects from under-
water nuclear explosions. The uliimate objective of the program is to
analyze and express as functions of yield and depth of burst those
radiological effects that can influence fleet and aireraft operations
and/or design. The program includes a series of field tests to investi-
gote comparable nuclear phenomena through use of high-explosive charges.
This project, Hydra IIB, is one of this series in which experimentation
is limited to shallow underwater explosions of one-pound charges.

To satisfy its objectives, the project has several experimental
plases: (1) determination of the water motion adjacent to the expanding
undervater bubble; (2} determination of the dynamic internal structure
of the above~surface column; and (3) determination of the transfer of
explosion products from the underwater bubble into the column, and their
distribution. Phase 1 will be reported in a report now in preparation.*
This report describes the results of vphase 2. Experimental work on
phase 3 is now in progress.

*R. R. Harmond, K. W. Kaulum. An Investigation of Vater Flow Adjacent
to Shallow Underwater Explosions Using Fluorescent Dyes and Photographic
Techniques, Hydra IIB, Technical report now in preparation at USNRDL.
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CHAPTER 1

INTRODUCTION

Background

Low-yield underwater chemical explosions have been extensively
used in the past to simulete the phenomens produced by underteter
nuclear detona.tions.l’ 2,k The results of these studies have indicated
the epplicability as well as the limitations of such simulaticn so
that velid work can be accomplished with one-pound charges over a
limited range of shallow depths and a limited period of time. These
limitations result from the inability to scale gravity, which acts on
the system in the form of a buoyant force on the underwater bubble
and a deceleration force on the rising column. However, these gravity
forces axe small compered to other forces acting during the initiel
bubblo-expansion poricd end cenceguently cen be ignored for cherge
depths substantially less than the first maximum bubble radius. Sna.y3
clessifies a charge depth of one-half the restimm bubble radius as
"shallow" and considers as characteristic of & shallow detonation a
strong interaction of the bubble with the water surface during its
first expansion.

From these considerstions, effects measurements using one-pound
charges are useful in simulating larger yields, if detonation depths
are limited to one-half the bubble radius, (approximately 2 £t for a
one-pound charge), and for times associated with the first bubble-
expansion period. The one-pound yield produces above- and below-surface
results of optimum size for detailed study with the proper instrumentation
and affords obvious adventages ov-r full scale yields.




water~sempling techniques were used first for investigation of
column structure during the Hydra I test series ,h conducted in the
summer of 1959. The Hydrs I work hes provided an extensive and most
useful documentation of shallow low-yield underwater explosions. How-
ever, review of the sampling date revealed two limitations of its use
for £.udy of internal column structure. First, all sampling wes done
at & neight of tumo feet above the water surface. Second, there are
indications thet the columns were perturbed by the sampling instrumen-
tation.

Investigation of the internal structure of th2 column has also been
ettempted by both NRDL and the Naval Ordnance I.abomtory,s using a pres-
sure gage suspended over the plume. These measurements indicate the
initial column top to be composed of a spray followed by e solid water
seal., If a seal velocity is essumed, the seal thickness can be deter-
mined from the pressure record. Determination of other internal features
of the column such as later convergence end water volumes from pressure
records appears very difficult. These empirical experimentel efforts
have been conducted without benefit of any theory to predict the column
structure,

An analytical model to describe the shape of the expanding under-
water explosion product bubble and associated early above-surface effects
resulting from a shallow underwater explosion was first suggested by
C. F. Ksanda. The model is bused on the assumption of pure radial flow
of weter cutward from the charge center. Applied to & shallow explosion,
il predicts that the water over the charge rapidly moves upward with the
same gencral shape of the observed column, with & ¢hin seal of water
bounding the e@lgsion-product gases, The model has been extended by
Hammond. and Youngo who have applied it to a large range or yields in-
cluding one-pound of MWT. One of the objectives of the firsgt phase of
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the Hydra IIB project¥ was an evaluation of this radial-flow assumption
for shallow charge depths by photographically tracking the underwater
path of dyes that had been placed near the charge. The results indicate
that under these conditions, the radial flow assumption is not valid for
flow adjacent to the bubble.

Objectives

The objectives of this phase of the Hydre IIB project are: vo
determine the dynamic internal structure of the above-surface column
resulting from shallow one-pound underwater explosions; and to compare
the results with those predicted by the theoretical bubble model whose
basic assumption allews only flow in the radial direction, in order to
further evaluate the validity of this assumption.

As stated above, the Hydra IIB project also has an additional
objective of determining the transfer of explosion products from the
bubble into the column and their distribution within the column. It is
planned to accomplish this by use of a radiocactive tracer within the
charges as the next phase of the project. Since the internal structure
of the column will affect the distribution of explosion products, pro-
vision of the internal column structural informetion needed to plan

this future experimental work can be considered as a supplementary
obJjective.

*R. R. Hammond and K. W. Kaulum, "An Investigation of Water Flow
Adjacent to Shallow Underwater Exp.osions Using Fluorescent Dyes and

J Photographic Techniques, Hydra IIB", USNRDL-TR, in preparation, unclas-
gsified.




CHAPTER 2

EXPERIMENTAL DETAILS

Experimental Plan

Sampling of the columns was accomplished with 15 sampling devices
supported rigidly over the water by an instrument-support structure.
The structure provided support of the samplers at any height up to 12 f£%,
The sampling device consisted of o sample reservoir and s normally open
valve which could be closed at any predetermined time during the cvent
to terminate sampling.

Charge depths of 2.5, 5.5, 7.5, 12 and 2% in. were selecited as ade-
quately covering the shallow depth range and matching specific depths
used in previous experimental work with 1-1b pentolite charges.

In order to minimize the number of shots, an exploratory approach
was used. At least two shots were fired for each charge depth with
samplers 2 £t above the surface, The sampling period wes terminated
very early so as to include only the water seal over the expanding
bubble. These shots served to establish reasonsble column symmetry and
reproducibility of sampling date. Following this were several shots at
the 5.5~in, depth and 2-f£t sampling height in which sempling was texrmi-
nated at a later time until & rough time history of sample volumes was
obtained. Then for the sume charge depth, shots were fired with sampling
heights of 4, 6 and 8 £t, with sempling over the total event to determine
gross effects of sampling height. A very significant change in the form
of the data appearced between 4 £t vnd 6 £t and continued unchanged to




8 ft, so the 6 ft sampling height was chosen for additional shots.

This process was repeated for the 12-in. charge depth and results were
much like those for a charge depth of 5.5-in. Since sampling would be
continued in the third phase of Hydra IIB, the other charge depths were
given minimum coversge in this study.

Instrumentation
Test Facilities

All shots of this test series were conducted at the NRDL test-pond
facility loceted at Camp Parks. The facility consists of a fresh water
pond with its associated filter system, a movable instrumentation-support
structure, a portable house used as & work shop and >fice, and an instru-
mentation van. A general view of the facility is shown in Fig. 2.1.

The pond has the shape of an 18-ft radius hemisphere with a 6-£t
wide underwater cameras bay extending 10 £t to the south. The pond is
constructed of & 12-in.-thick reinforced concrete shell which will with-
stand detonation of 1-1b HE charges underwater to a depth of approximately
6 £t. The yond contains 90,000 gallons of fresh water at normal operat-
ing level. The water is continuously filtered through ¢ 3-unit sand-bed
fixed-filter system with a capacity of 100 gpm. When repid removal of
explosion products is desired, an additional diatomaceovs-earth filter
systenn with a capacity of 400 gpm is used as well.

An underwater shock-resistant camers housing with adjustable support
from above the surface is normally located in the camera bay. This
arrangement allows a cemere stand-off from the pond center of 25 £t so
that wide-angle lenses with little distortion can be used.




The instrument-support structure provides for rigid positioning of
instruments over the water surface at any height up 4o 12 £t. The
fabricated steel structure spans the pond and is supported on wheels,
facilitating niovement away from the pond. A 12 s 12-ft frame within the
upright rails can be raised by electric hoists to any height up to 12 £t
above the water level and securely locked in place with pins at 6-in.
intervals. Thie [reme supports the sempler beam over the center of the
pond in a north-south orientation. The streamiined sampler beam supports
15 complete sampling devices. It also protects the sampling devices and
their associated wiring from the high-velocity water of the plume.
Figure 2.2 shows the sampler beam in place with its cover open and the
samplers installed.

Sampling Device

Hydra I sampling results indicated that the large grid of sampling
devices might have distorted the normal formation of the column end that
samplers were probably bilased by sprey ricocheting from adjacent support-
ing structures. To avoid these possibilities, the sampling stations were
minimized to & 6-in. spacing along & single diameter across the column,
The samplers were placed inside the sempler beam with their snouts extend-
ing 8 in. below the sempler beam.

The sampler consists of a snout through which the weter semple enters,
& normelly open valve and a sempler reservoir. It has a straight 3/1{»-in.
bore through to the reservoir cap where the water impinges on & cone and
is darected into the annular reservoir. The cap is elso provided with
ten l/k-iu. vent holes to relieve any pressure build-up within the reser-
voir. Figure 2.3 is a sectional view of the entire sempler.




Fig. 2.1 General View of Test Pond and Instrumentation
Support Structure With Camers Bay in Foreground

Fge. 2.2 Sampler Beam in Place With Samplers Installed
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Fig. 2.3 Details of Sampler




The Hydre I sampling device employed & two-stage valve which
allowed the device to be opened at any desired time during the event and
then closed after a specified sampling period. This arrangement is not
practicel when a snout extends below the sampler valve because the snout
may well contain & sample from early in the event when it is opened later
in the event., With this consideration, the sampler was designed with a
single-stege normally open valve, consequently sampling is continuous
until terminated by closure of the valve at the desired time. This
cumuletive arrangement requires subtraction of sample volumes frcm suc-
cessive shots that have different valve-closing times in order to obtain
sample volumes for specific intervals of the event., The same sampler
was used to obtain total-event samples by simply not closing the valve
during the event.

The valve section of the sempler is required to block flow into the
reservoir at & precise predetermined time during theevent, This is
accomplished by movement of the piston along its horizontal axis to the
closed position. The piston is actuated by an electrically initiated
explosive squib or gas generator and stopped by a tapered brass cushion
which expands slightly to adsorb the piston's energy. The closing time
of the velve was determined by means of a light source and phototube.
Output of the phototube was recorded on an ogcilloscope with its sweep
triggered by the same voltage pulse used to detonate the valve squib.
Fnotogrepning the oscilloscops trace provided an accurate time history
of the valve closure. All vaives were calibrated when new and several
were recalibrated after considersble use. Time required from electrical
initiation of the squib to 10 % closure of the valve averaged 2.0 msec,
with all values ranging between 1.7 and 2,2 msec. Actual closing time
was taken as the time to go from 10 % to 90 % closed, and the average
time was 0.86 msec, with & range of 0.6 to 1.1 msec. The stendard squib
used contained 60 mg of BULLSEYE pis+ol powder. After five to seven




valve operstions, the piston stop cushion epparently work-hardens, allow=-
ing the piston to bounce back and the veive to open momentarily. The
valve never opens again more than 10 %, and always recloses in 1 msec

or less. The overall time for valve closure averages 2.9 msec and could
extend to 3.9 msec if piston bounce occurs.

The timing svstem for ~alve firing provides triggering voltages to
the valve squibs at precire ordered time intervels after shot zero time,
Five selectable tires frcm 0-900 msec are availeble. Briefly, the
system consists of an electronic counter-timer unit with the output of
four decades switched into diode logic units. Outputs of the logic
units trigger thyratrons that allow capacitors to discharge through the
squibs. A 1l0-channel event progremmer provides contact closures for
starting cameras, recorders, and finally the counter timer for the pre-
cision timing system.

Sampler Calibration

The sampler was calibrated in the NRDL high-velocity sprey facility,*
where bulk density and velocity of spray are known, to determine its
effective sampling erea. The sampler snout was designed with its leading
edge beveled back so as to leave a minimum of flat edge normal to the
water path, making its effective area the same as the area of the inside
bore. The calibration procedure consisted of locating the sampler in
the spray at a position of known bulk density and velocity, exposing it
to the spray for several different time periods, and plotting the result-
ing volumes against time. The sampler was calibrated at a bulk spray
density of 0.62 % water at an average velocity of 240 ft/sec. Its
effective area is the same as its bore area but only up to a total sample
volume of 150 ml after which the effective area decreases. Here the
effective area results when the product of spray bulk density, velocity

¥T, F. Cochran, Calibration of a Hign-Pressure Spray Facility, USNRDL-~TM~
135, dated Januery 1963.
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and orifice ares is equated to the sample volume collected per unit time.
This sample volume is determined from the plot of volume against time.
Since the reservoir has a total volume of 450 ml, the decrease in effec-
tive area probably resulted from a partial loss of the sample through
the vent holes us the reservoir filled up. To allow use of the sampler
when total sample volume was expected to exceed 150 ml, a 3/8-1n. bore
orifice was provided which slipped into the end of the standard 3/l&-in.
diameter bore snout. Calibration of this 3/8-in. orifice showed it to
have an effective area of 0.195 of the standard snout.

It is apparent that except for the center position, the semple most
likely will not enter on & path nomal to the orifice. To determine the
effect of non-axial sample apprcach on the effective orifice, calibrations
were made with the sampler stem tilted 10°, 30° and 45° to the calibration
spray vertical axis. The results are shown in Table 2.1 in terms of flow
rates which are directly proportional to effective area.

TARIE 2.1
Approach Measured Predicted Flow Error
Angle, © Flow Rate Rate
o (m1/sec) (A cos ©)
(m1/sec)
0 138 138 -
10 120 136 -12
30 110 119 - 7.5
s 85 97 -12,5

With the expected geometrical reduction of orifice area, the predicted
flow rate is A cos © where A is the effective area at 0 = 0° and @ is

the angle between the sample orifice uxis and the vertical sprey axis.

1
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The maximum error is seen to be a reduction of approximately 12 % over
that predicted by geometric reduction of the orifice area. Thus it can
be concluded that the effective area of the sampler can very nearly be

described by A cos © for non axiel approach., It was also found that the
effective ares remained constant up to a total ssmple volume of 250 ml
for © = 10°, 30°%, 45°. No tests were made with non axiel spproach angle
on the 3/8-in. orifice insert.

Explosive Charges

A1l charges used were 3-1/k-in. diemeter bare spheres of 50/50 pen-
tolite with a cylindrical hole to accommodate an Engineer's Special
electric detonator. The detonator hole was drilled to a depth that
allowed detonation to occur at the charge center. The charges were
supported by & lucite ring with a diameter smaller than the charge and
were held in place on the ring with & single wrap of electrical tape.
The ring was supported by cords to a horizontal tension system. Both
are seen below the sampler beam in Fig. 2.2,

All charges vere electrically detonated by the thyratron controlled
discharge of a 20 pfd capacitor charged to 1800 volts. This arrangement
insured reproducibility of zero time within 15 psec.

Test Procedures

Charge Location

Since radial symmetry was assumed for the underwater bubble and
column, it was important that the explosive charge be located exactly
under the center saupler. The charge support ring was centered by
adjustment of the charge support guides with the aid of s plumbbob

12




supported from the center sampler snout. The charge-support system was
arranged so that once its guices were positioned, it could be wraised or
lowered with no effect on horizontal position.

Accurate setting of charge depth was difficult due to the variable
tension on the he»izontal charge support with depth. The first procedure
used was to set the charge at the water surface and then lower the whole
support to the desired depth. However, direct measurement proved this
practice to result in & depth setting which was approximately 1-1/8-in.
shallower than desired. This accounts for several of the early shots
nct being positioned at the standsrd charge depihs. The most satisfactory
procedure was to lower the charge until its top was Just bresking the
water surface, and then to lower the support to the desired depth minus
one charge radius (1-5/8-1n.). Direct measurements showed this method
to result in a charge-depth accuracy of within + 1/8 in. for the 2.5-in.
depth and within + 1/2 in, at the 24-in. depth.

The charge detonator was consistently oriented with its axis hori-
zontal end normel to the sempler-support beam as to minimize its effect

on symmetry.

Sampler Operation

Considering the number of combinations of experimental veriables
required to ccver adequately a reasonasble number of charge depths, samp-
1ling heights and sampling times, it was necessary to limit the number
o2 shots for each specific condition. This required absolute confidence
in the reliability and accuracy of the sampling-velve performance with
regard to closing as programmed. To insure that the entire system per-
formed as required, many tests were conducted with a detcnator instead
of an explosive charge and with the tumer slowed enough to allow each
sampler closure to be separately observed and compared with the programmed

13
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time. As a continuing system check, one of the unused squib-firing
channels of each time bank was recorded on an oscillograph along with
the zero time for each shot.

The intcgrity of the samplers after valve clusure was tested by
firing & shot with all valves closed from the previocus shot but with
all samples removed and the reservoirs dry. Results were very good.
Not & drop of water was fourd in any of the sampler reservoirs.

1k
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CHAPTER 3

RESULTS

Sampling Data
Data Reduction

The three important experimental variables are charge depth, samp-

ling height and ssmpling time. The charge depths 2.5, 5.5, 7.5, 12.0

and 24 in, were chosen to cover a depth range as discussed in Chspter 1.
. Sempling height was mostly limited to nominal heights of 2 and 6 £t
above the water surfrce (actual heights were 20-1/2 and 68-1/2 in. to
sampler orifice). An adequate time history required as many as eight
sasmpling termination times for each combination of charge depth cnd
sampling height.

In order to reasonsbly limit the total number of shots required,
only two charge depths, 5.5 and 12 in, were investigated intensively
with time, while the remaining were covered with three sample termination
times: early during the first bubble expansion; at 300 msec; and total
event. Even with these limitations, the number of shots for each combi-
nation of variables was held to one or two. Three shots were fired if
results wore badly inconsistent. A single shot was considered acceptable
if the sample volumes were equal or greater than those of & shot at an
earlier termination time end less than those of a shot at a later termi-
nation time. Each shot resulted in two samples for each sampling radius
(right and left side), and one for the center.
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With only a few (one to six) samples for each specific shot condi-
tion, no conventional statistical methods could be applied to the data.
The method used consisted of first arithmetically averaging the sample
volumes (se.mples teken with 3/8-in. orifice were corrected to the stand-
ard sempler orifice) for each condition and terminstion time. WNext, the
average volume for the shortest sampling time was compared with the
average volume of the next longer time to see whether & significant in-
crease in volume was evident. Generally, a 20 % increase in average
volume was considered significent; but in cases where the average volume
for the longer time showed less than & 20 % increase, semple volumes
for both times were averaged together and assigned to the earlier time
period. This assures that no significant additional sample was collected
during the extended time period. This averaging process was continued
®or successively longer sempling times until a 2 % increase occurred
and a new aversge volume was established. The aim of this process was
to divide the total event sample volume for each sampling radius into
its appropriate time intervels during which collection actually took
plece while utilizing all possible data for the average volume collected
in each time interval.

Data Presentation

The results are presented as plots of stendard sampler volume vs
sanoling radius from the column center for each sampling height with
coded areas to indicate time intervals. Sample volume is presented both
as milliliters per stendard sampler and volume per unit aree in milli-
liters per square inch, which are directly related by the effective area
of the 3/'l+-in. bore standard sampler for axiel sample flow. Tebulated
date used in ull plots is given in the eappendix, along with the number
of samples averaged for each condition, the largest and smallest sample
volume and any remarks concerning deletion of & sample or use of the
3/8-in. orifice.
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The detailed sampling date is presented in two series of plots for
convenlence, The first, at the 2-ft sampling height (hs) and very early
in event time, is concerned with the initlal column growth resulting from
the first expension of the undervater bubble. These piots of sample
volune vs samping radius for each of the standard charge depths are
given in Figs. 3.1 to 2.5. The maximum event time included is 100 msec.
In Fig. 3.2, where four time intervals are presented between G and 100
rmsec, sample volume is plotted in cumulative manner with time intervals
indicated Lo show the distribution of semple volume with time. The
early sample~volume plots for the other standard charge depths, Fig. 3.1,

3.2, 3.1 end 3.5, are given for caly one or two time intervals.

The second series of sampling plots, Fig. 3.6 to 3.10 is concerned
with presenting the results at the 2-ft and 6-£t sampling heights for
the remaining event time. Part A of each figure gives the sampling
volume for the 2-ft sampling height, starting et the latest time pre-
viously presented in Figs. 3.1-3.5 and continuing to the end or total
event. Fach coded area represents a time interval AT of the event, with
its upper boundary showing the total sample volume from zero time through
that interval. The time from the last sample termination to the end of
the event is indicated as the "last time +". For example, T = 700 + msec.

Part B of Figs. 3.6 to 3.10 present the sampling volume for tue
6-'t nominal sampling height staerting at a minimum termination time of
100 msec and continuing throughout the total event. In Fig. 3.6, the
sample volumes from the 0-300 msec time interval were averaged with the
total~event sample volumes because they were not significantly different.
The sample *lumes for the 2 £t and 6 £t sampling heights (A and B of
each figure respectively) ere plotted to the same scale to show the
drastic difference in the distributions between the 2 £t and 6 £t heights.
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Total event sample volumes (resulting when sampling is not terminated
during the event) were teken for several sempling heights at charge depths
of 5.5 and 12 in. These plots are given in Figs. 3.11 and 3.12. In Fig.
3.11 it is seen that the semple voluwme for sampling heights of 6 and 8 £t
are very nearly identical at 2ll radii. Also it should be noted that the
consistently larger sample volumes for sampling heights of 2 £t with
respect to 4 £t ouserved in Fig. 3.12 result because the volume of water
thrown up during the final bubble-venting late in the event does not
reach the b £t sampling level.

Carbon in Water Samples

The explosion products of pentolite contain a considerable amount
of fine particulate carbon which is often present in the column water
samples. This offers a possible crude means of tracing the transfer of
explosion procducts to the column. No attempt was made to determine quanti-
tative or relative amounts of carbon in water samples. The presence of
carbon wes merely observed while the sample volume data was recorded.
Considering the cumulative method of sampling, it is possible to deter-
mine only the earliest arrivel time for the carbon at any specific
sampling radius and height.

The results may be summerized as follows:

(a) At the 2-ft sampling height, carbon was present in samples at
semple radii of O, 6 and 12 in. at the earliest sample termination times
for all charge depths except 24 in. For the 2.5~in. charge depth, carbon
was Tounnd in the sampler caps but no weter.

(b) At the 6-£t sempling height, carbon was present at sample radii
of 0, 6 and 12 in. for all charge depths except 24 in. For the 5.5- and
12-in. cherge depths, it appeared in the earliest time interval {0-100 nmsec)
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Also carbon appeared in samples at radii of 18 and 24 in, after 100 msec
at 2.5- and 5.5-in. charge depths.

(c) At the one shot with an 8 £t samplins height at charge depth of
5.5 in., carbon was apperent for total-event samples at radii from 6 to
24 in,

It should be made clear that the above cbservations are to be taken
as positive evidence only; i.e., carbon was present if so stated, but
not necessarily absent if none was indicated., This resulbs becanse with
10 GUoubilstbive measurements, judgment as to the presence of carbon in a
semple was subject to factors such as dilution and background level of
carbon in pond water from previous shots.

Total Ejected Water

Calculation and Results

Calculation of the total ejected water to pass a specific sampling
height requires the assumptions (1) that the column is symmetrical about
e vertical axis through the charge and the zero-radius semplers and (2)
the aversged gsemple volume for a specific radius, height, and charge
depth is an accuraie representation of the true volume. Since sample
stations were located at 6-in. intervals radially, the horizontal section
of the column is divided for calculation into & 3~in. radius circle and
seven concentric rings, each having a center radius corresponding to the
radius of successive sample stetions, and a width of 6.in.

The areas of the center circle and the rings are computed and then
divided by the effective area (described under the section on sampling
device, Chapter 2) of the standard seampler to give a multiplication
factor for each semple radius. The products of the multiplication
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factor and sample volume for each sample radius are summed to give the
total ejected water volume for & specific charge depth, sempling height,
end time interval., No corrections have been made for non-exisl apprcach
angles to the sampler orifice because the actual gpproach engles of the
water during the event is unknown.

The resuiuvs of these calculations for all the available conditions
are presented in Table 3.1 where the cumulative volume (in liters) is
given for all sempling-termination times when éuta was taken.

It is evident from Table 3.1 that for any charge depth and sampling
time, the ejected water volume at the 2 £t sampling height always exceeds
that of any higher sampling level. For charge depths where the greatest
range of sempling heights is availsble for the total event, it can be
seen that the volume of ejected water is nearly constent for e sampling
height of 4 £t and above. For the 5.5-in. charge depth, the ejected
water volume increases about 6 % from e sample height of 4 to 8 £t. For
the 12-in. charge depth, & similar increase of 20 % occurs from a somple
height of 4 to 6 £t. Quite cbviously no additional source of water is
availeble between sampling heights, so the ejected water volume may not
increase with successive levels; thus the increase in volume must be
considered as minimum possible error in the results.

Potal ejected water volume data from Teble 3.1 are plotted ageinst
time in Fig. 3.13 for charge depths of 5.5 and 12 in., at sampiing heights
of both 2 and 6 ft. At the 2-ft sampling height, the ejected water volume
is seen to increase ebruptly until it reaches 100 msec while the volume
of thc 6 £t sampling height rises more slowly to a maximum at 300 msec.
Note that no further flow occurs at the 6-ft ssmpling level. Figure 3.13
8lso clearly shows that for the major portion of the event, the total
ejected water volume at the 2-ft sampling height is approximately twice
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that at the 6-ft sampling level., The volumes for total event have been
plotted at 0.9 sec because films show this to be approximately the time
at which all upwerd motion of water has ceased.
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CHAPTER 4

ANALYSIS AND DISCUSSION

Radial Flow

Radial Flow Equations

As previously indicated, an objective of this report is to compare
experimental results with those predicted assuming radiel fiow of weter
about the charge. The thickness of the water seal for the first bubble
expansion and the resulting semple volumes expected may be calculated
if pure radial flos is assumed as in Reference 6. A general expression
for seal thickness at any sample height ('ns), charge depth (d,) end
sampling radius described by the angle © is derived as follows. From
Fig. 4.1 it can be seen that if volume is conserved, the projected volume
st a sampling locetion described by © and T, is

A t=V. -~V (1)

vhere Ay, is the erea of the base of the pyramidal element at radius r,,
t is the seal thickness and Vi  ~ V. is the volume of water in the ele-
ment between the charge and the wateg surface before the expansion. The
angle 9 should be limited to less than €0°. The volume of pyramidal
element is:

V= 1/3Arr
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and the base area A, is proportionsl to the redius squared so Eq. 1 can
be written

rg t = 1/3 r:;’_ - 1/3 rz (2)
or
1‘13. - rg
t= =y (3)
3r,
From Fig. 4.1
a d +h
C [+] S

' =Cso %2 Toso

and r, is the charge radius. Substituting in Eq. 3, the seal thickness
for any charge depth and sampling location is given by

3 3
) (dc/CosO) - ry

= (%)
2
3(<1c + hS/Cose)
and for © = 0°, the seal thickness on the center axis is
3_.3
d - r
= (5)
° 3(a. +n)
c s

The volume collected by & sempler with its axis normal to the original
water surface as the seal passes is

V= 1tA Cos ©
where t is the seal thickress given by Eq. 4, and A is the effective
sempler area for axial flow. The simple geometrical reduction of sample

volume by Cos © is considered to be the minimum reduction expected due to
non-axial approach angle of the water seal to the sampler orifice. Any
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energy lost by the sample entering the orifice such as impaction on the
stem wall must result in a net reduction of velocity since all of the
sample !'s hydrodynamic energy is originally associated with its velocity.
The reduction of velocity within the sampler, below that of the approach-
ing water, can only result in an inefficient process and reduced sample
volume, Sampler calibration test results are presented under the section,
Sampling Device. Chapter 2, that support the above conclusions.

Substituting the expression for t from Eq. 4, we have

3
(dc/Cos 0)3 - ry

V= A Cos © 5 (6)
3(a, + hs/Cos Q)
which can be reduced to
di’ - (ro Cos 9)3
V=A (7

2
3(a, + n)

Examination of Eq. 7 reveals that the sample volume is independent
of the angle © with the exception of the temm (:c‘o Cos 0)3. Its effect
is seen to be negligible unless the charge depth dc approaches the charge
radius roe For depths of interest, the sample volume should be constant
across the column diameter for a specific charge depth and sampling height.
The maximum reduction of volume is seen to be only 27 % for dc = 2.5 in.
and 6 = 0°,

Comparison With Experitental Resulis

In Fig. 4.2 the experimentsl results of volume per unit area for a
sempling radius out to 30 in. at a charge depth of 4.5 in., a sampling
height of 20.5 in. and sampling terminated et 12 and 17 msec is compared
with the constant semple volume calculated from Eq.,7. Semple volumes ab
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these early termination times were used because only the water seal will
have passed the samplers. Figure 3.2 shows no volwume increases until
after 102 msec except a minor change at the 6 in. radius. At the center
the volume per unit area sampled is in good agreement with the calculated
volume per uni® ares, but measured volume increases sharply over calcu-
lated volumes with increasing sample radius up to 18-in. The sample
volume then drops to zero simply because the initisl expansion of the
bubble is not completed. Pictures show that at 12 msec, the sampler at
30 in. radius is just outside the column. Also note that nearly all the
volume at sample radius of 2% in. was collected during the 12-17 msec
time period as indicated on Fig. 4.2.

This figure clearly shows that the assumption of radial flow which
resulted in calculation of constanl volume per unit area for all sampling
radils is not correct except at the center axis.

To see how well the radial-flow assumption described the seal thick-
ness over the charge depths of interest, the seal thickness on the center
axis at a height of 20.5 in., as given by Eq. 5 is compared with the
seal thickness calculated from esrly sampling datse in Fig. 4.3. The
experimental seal thickness is calculated by dividing the sampling volume
by the effective area of the sampler. Table 4.1 gives the tabulated
values of seal thickness and sample termination times. From Fig. 4.3
it is seen that seal thickness given by sampling data is less than the
calculated values for charge depths less than about 5 in., but variation
is not significant because the ssmple volumes are less than 1l ml, which
approaches the resolution of sample~volume measurements. At charge
depthe of 12 and 24 in., the sampling deta indicate seal thicknesses
a factor of two more than calculated values. Thus, the seal thickness
as calculated from the radial-flow assumption cannot account for the
observed. seal thickness at the column center axis. The most likely
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TABIE 4.1

Charge Sample Termination Seal
Depth Volume Time Thickness
(in.) (m1) (msec) (in.)
] 0 12 ()
k.s 0.2 17 0.03
6.3 1.0 17 0.1k
12 8.7 22 1.2
24 26.3 32 3.65

explanation for this is that the sample termination time was lete enough
to include additional sample volume due to the converging tangential
flow in the expanding seal. The sample termination times for the 12 and
2h-in, cherge depths were 22 and 32 msec respectively, while times for
the shallower depths were 12 or 17 msec. This implies that convergence
occurs quite early at these charge depths. Convergence may also occur
equally early for the shallower charge depths considered, but at a level
sbove the 20.5-in. sampling height.

Total Ejected Water Calculation

Just as sample volumes are reedily celculated with the assumption
that weter lying initielly over the chaerge flows only redielly, totel
ejected water volume may similarly be calculated. With only redial
flow, the total ejected water will be the difference between (1) the
volume of water in & cone with its point at the charge center, its base
at the water surface and its revolved side a line from the charge center
to the maximum semple radius, and (2) the volume of the included sector
of the charge. An equation for the total ejected volume may readily be
derived by subtraction of the charge sector volume from the cone volume
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with all dimensions in convenient notation. The resulting equation with
the ejected volume in liters is:

3
2ny
v, = s (e /0% a3 - 2 (1 - D/(0F 242

where D = dc + 1‘.5, dc is charge depth, hg is sempling height, re is
sampling radius, and r ° is the charge radius. This is not & general
equation, The values of hs ) Tg end dc mst be selected for a realistic

case.

In Fig. 4.k the total ejected water volume, as calculated from the
above equation with a sampling height of 20.5 in. and a sampling radius
of 42-in. has been plotted for charge depths of 2.5 to 2h-in. For com-
parison, volumes calculated from sampling date presented in Table 3.1
are plotted with associsted time intervals. It can be seen that all
values of total ejected water are greater than those of the volume cal-
culated from the equation except for one at a charge depth of 24 in.
Actually, values for time intervals of less than 50 msec at any charge
depth do not represent the actual total volume because the column has
not as yet reached the 42-in. sampling radius assumed for the volume
caleulation. In spite of this consideration, ejected water volumes for
early time intervals up to charge depths of 12 in. lie well above the
calculated volumes. Since the ejected water volume was celculated with
the assumption of pure radial flow end definitely does not correlate
with the ejected water volume from sampling data, it must be concliuded
that flow in the water seal consists of en additional non-radial, or
tangential, component. This additional water must be supplied from the
ares surrounding the bubble, but its specific source is not clearly
apparent as yet.
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Internal Structure

Time Sequence of Column Structure

With detailed sampling data for the 5.5-and 12-in. chargz depths,
and photographic results from previous Hydra program projects ,h it is
now possible to congtruct en epproximate time sequence of the column
development. Since the underwater bubble is intimately associated with
the column, it must be included in any structural picture; however,
only such shape and gross-flow date as are apparent from underwater
pictures will be included.

Two series of sectional drawings of the columnad bubble for pro-
gressive times through the eveni are presented in Figs. 4.5 and 4.6 for
charge depths of 5.5 and 12 in., respectively. Eech series of drawings
diegrams an event in the following menner. The event is divided into
specific times when sampling data and outline drawings from motion-picture
records of the column and bubble were both availsble. The sample volumes
for each interval are indicated by solid vertical arrows of length roughly
proportional to the sample volume and located at the proper height and
radius., The time intervals when the samples were obtained are indicated at
the right side of the black sampling errows and when possible, cover only
the time intervel between drawings. Sempling at the 6-ft height was never
terminated before 100 msec and is presented on the 100-msec drawing but
represents sampling from zero time. The patterns of flow within the
column, deduced from the preceding information, are re¢presented by dashed
arrows. A dashed line (long dashes) represents what is apperently an
interior column boundary that conflicted, in construction of the diagram,
with the column outline. The area outside the dashed line must consist
of very low-density spray.
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Cunsiderations taken into account in the constiruction of each inter~

val of Fig. 4.5 were as follows:

Time = 3 msec. Here the column is in the initiel stages of expan-
sion and may be reasonsbly described by pure radial flow; however, tan-
gential flow moy be starting.

Time = )0 mcec. The first results of sampling at 2 ft show an
increase in water volume collected with radius which indicates that
tangential flow is well established as is indicated by deshed arrows,
The height and shape of the bubble above the surface are uncertain, but
it is very likely that the water seal has broken and that the explosion
products have started to blow out. This process will continue until
the internal gas pressure drops below atmospheric.

Time = 50 msec., Now, samples only et the outer radius of the 2-f%
level and the appearance of the downward jet from the bottom of the
bubble dictate that the tangential flow has split. Assurance that an
upward Jet has also formed requires the reader to look ahead to the 100
msec drawing where a large sample at the 6-£t level is evident.

Time = 100 msec. No basic change in flow pattern is evident. The
samples at the 6-ft level for the first 100 msec are presented and,

considering the moderately large sample volumes at radii of 5 and 12 in.,
the original convergence probably occurred at 6 ft.

Consideration of total ejected water volume givea in Fig. 3.13 for
sample heights of 2 and 6 £t at this interval reveals that a large part
of the water passing upward through the 2-ft sampling level does not
pass througn the 6-ft level even at later times. If this large volume
does not continue upward, it mush be deflected into the downward Jet
which pierces the bubble (indicated by the curved arrows). The portion
of convergent water flow passing through the 2-ft level at a sampling
radius of 36 to 42 in. and continuing to the ceater at the 6-ft level
should be evident at the 4-ft level with e sample radius of about 2 ft.
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This prediction is indeed supported by a peak in the total sample height
of 4 £t as shown in Fig. 3.11., Also the ejected water for the total
event as given in Table 3.1 is nearly equsl for all sampling heights above
2 £t,

Time = 200 msec. The downward jet is seen to have ceased while the
top of the bubble has moved downward. Flow is continuing at both samp-
ling levels and rig. 3.13 iudicates that the total ejected wmater passing
through the 6-ft level exceeds that passing through the 2-ft level during
the 100-200 msec time interval.

Time = 300 msec. Flow now is limited to the center only, and the
higher volume collected at the 6-ft height may be water which passed
through the 2-ft sampling height during the previcis interval as shown
by the errows near the periphery on previous views. Note that the
bubble has moved upward and shows signs of collapse from the bottom.

Time = 500 msec., The bottom collapse is now underway and the result-
ing samples from 300 msec to the end of the event are indicated. Almost
no water reaches the 6-ft level during this period. Details of the
process through which the bubble finally vents by collapsing from the
bottom upward are not clear, However, the drawing represents the most
plausible method consistent with underwater plctures.

The sequence of events for the 12-in. chaxrge depth as shown in
Fig. 4.6 1s much the same except for a somewhat later final venting of
the bubble.

Carbon in Semples
Resudits from Chapter 3 show carbon to be present in samples at
the 2-ft sampling height at radii of 6 and 12 in. for the earliest

sempling time (12-17 msec) at all charge depths to 12 in. If it is
assuned that carboa would be found only in semples where the sampler
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protruded into the initislly expsnding bubble, it must be concluded that
the horizontal diameter of the bubble at 2 £t above the surface is
approximately 2 ft. Carbon was not observed at sempling redii greater
than 1 £t at 2 £t above surface at any later time during the event. It
is possible to hypothesize that the initial bubble expended verticelly

to the 6-ft sampling level while retaining its 2-ft cylindrical diameter,
since carbon wus also observed during the first time interval of 100 msec.
Because upwerd jetting had already begun, it is more probable that the
carbon was picked up at a lower level by the converging tangential flow
and included in the jet. Sampling at early times at heights slightly
below the convergence level (about 6 ft) should provide the required
information to determine the height of initial bubble expension. Carbon
also is observed at several locations in the column which are well removed
from the explosion~product bubble at any time during the event, so it
must be concluded that the carbon was picked up by the water during
interaction with the explosion products occurring earlier in the event.

The dry carbon semples at a sample height of 2 £t for the 2.5 in.

charge depth may indicate the predicted "blow-out" of the water seal
for this scaled charge depth.s
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CHAPTER 5

CONCIUSIONS

A reasonably complete description of the internal structure of the
column for shellow one-pound explosions has been presented. It is seen
that true radial flow outward from the charge center occurs only during
the very early initial bubble expension and is soon supplemented by a
tangential flow that results in convergence of the water well above the
surface, The convergence results in both an upward jet which rises high
into the aiv and a downward Jet which protrudes through the underwater
bubble before it reaches maximum diameter. This phenomena is best
described as being similar to the case of two co-axial impinging Jets
and the resulting symmetrical radial flow skirt but with the flow direc-
tions reversed. Of the total volume of water involved in the tangential
flow, approximately half goes to the upward and half to the dowmward Jet.
Convergent flow with upwerd jetting continues after the downward jet has
ceased, but with diminishing auantity and velocity. Final venting of
the bubble containing the explosion products occurs wiien the bubble col-
lapses from the bottom upward.

Clearly, any theoretical bubble model which depends on & radial flow
constraint will not predict the exact above surface effects for shallow
one-pound underweter detonations, except for very shallow depths and
during the very early period of bubble expansion. Both the shape of the
predicted above-surface column and the volume of water included ere seen
to be incorrect.
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The question now arises regarding the application of this structural
description to larger HE and nuclear ylelds. If & convergent tangential
flow and a downward Jjet are prominent features of the column resulting
from shallow nuclear underwater weapons, they will have several effects
on the surronding radiation-field history. Briefly, these would be the
increased attenuation of the field due to the relatively thick column
walls or seal, containment of the fission products in the lower portion
of the column, and removal of fission products from the bubble to adjacent
weter by a downward Jet.

The converging flow phencmens has been observed previously during
small scale vacuum tank studies of shot Baker.7’ 8 Here atmospheric pres-
sure above the water surface was the controlling variehble with ebrupt
convergence into a Jet at one atmosphere changing into a straight-sided
Baker column at reduced pressures. When speculating as to whether or
not the walls of the Baker column did converge, the authors of the above
referances do not agree. The major significance of extrapolating these
results to the nuclear cese is that convergence moy well act as a con-
tainment mechanism that limits the blowout of fission products partially
or completely. The most accepted picture of "blowout” has the fission
or explosion products conteined by the expanding seal of water above the
surface until conditions of surface roughness and pressure differential
result in en unstable condition in which the seal can no longer contain
the fission products and blowout occurs. If expansion of the bubble has
progressed to the point where its pressure is below atmospheric, "blowin"
will occur when the seal becomes unstable. A more complex picture of
blowout, which includes convergence is as follows: +the layer of water
above the charge moves upward radially forming a water seal which con-
tains the explosion or fission products; however, simultaneocusly water
is flowing into the seal tangentielly. For the blowout condition, the
seal at the central axis, which is moving upward et high velocity, thins
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and soon becomes unsteble; thereby allowing the explosion products to
escape. The thick portion of the seal where tangentisl flow has dominated
soon converges at the center axis and agein seals off the explosion pro-
ducts. For the non-blowout case, the tangential flow converges before
the seal breaks at the center; thereby containing the explosion products
in the lower portion of the column. Assuming that the radial velocity

of the originsl weter seal and the time of convergence are dependent

on charge depth, it is expected that there is a critical depth for each
explosive yield where no blowout occurs, and an increasing degree of
blowout for shallower depths. Experimental determination of the internal
column structure of large nuclear weapons is not feasible, but external
measurenents may be more readily explained in view of the possible inter-
nal structure described here.
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APPENDIX

TABULATION OF SAMPLING DATA

d
c

hS

255 in.
20.5 in.

R Termina-  Number Cumulative Semple Volume Remarks

(in.) tion Samples {m1)
Times Max. Min. Ave.

0 12-17-27 4 0 0 0

o 300 1 - - 52

0 ® 2 66 5h &0

6  12-17-27 8 T 0 0

6 300 2 12 8 10

6 P L 43 20 38.6 6 ml semple deleted
12 12-17-27-300 10 7 0 0.5

12 0 4 6 T 2.3 43 ml sample deleted
18 12-17-27 8 8.5 5.5 6.8

18 300 2 8 8 8

18 o k 21.5 6.5 13.8 125 ml semple deleted
24 12 2 '.1' 0 0.25

ol 17-27 6 21 16.5 18.5

24 300 2 21 21 21

24 ® L 75 24 5k 153 ml sample deleted
30 12-17-27 8 T 0 0

30 300 2 29.5 27 28.3

30 ® L 6! 29 38.0

36 12-17~-27 7 0 0 0

36 300 2 21.5 22 24,7

36 " 4 65 k2 57.0

k2  12-17-27 8 0 0 0
L2 300 2 T by 0.5
k2 0 l 2.5 T 1.3

fiofR: Wi A Thinr frace, or & volume of less than one ml, A value of 0.5
ml has been used when everaging with other values.
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dc = 2.5 in.

hs = 6805 in.
R Termivu-  Number Cumulative Sample Volume Remarks
(in.)  tion Samples (m1)
Times Max. Min. Ave.
0 300, « 2 418 262 340
6 300 4 156 sk 62.7
12 300 L 27 T 12.6
18 300 L 5 3 k.0
24 300 4 3 T 1.8
30 300 L T T 0.5
36 300 L 7 0 0.1
42 300 1 0 0 0.0
d, = 5.5 in,
hS = mos in.
0 12,17,52,102 8 2.5 0 0.2
0 200 2 11.5 11.5 11.5
0 300 3 b3.5 7.0 26.5
0 500,700, 6 123.0 59.0 110.0
6 12,17 4 1.0 T 0.5
6 52,102 6 b4 1 2.5
6 200 L 10 13 6.6
6 300 6 26 1 13.2
6 500 2 52 34 k3.0
6 700,00 10 T6 ka 65.0
12 12,17,52,102 22 7.5 1 3.5
200,300
12 500 2 7 5 6.0
12 700 2 7 17 22,0
12 ® 6 111 4,5 27.6
18 12,17,52, 22 4.5 3 8.0 34 ml semple
102,200,300 deleted
Continued
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R Termina-  Number Cumylative Semple Volume Remarks

{in.) tion Semples (m1)
Times Meax., Min. Ave,
18 500,700 L % 9 11.0
18 ® 6 138 9 4.3
24 iz 2 4 T 2,2
2 17,52,102, 19 20 11.5 15.5
200, 300
2 500,700 L 26 .5 20,0
ol © 6 154 18 £0.8
30 12,17 L 0 0 0
30 52,102,200, 19 29 20 26.0
300,500,700
30 © 6 107 25 50.0
36 12,17 5 7 0 0
36 52 2 23 20 21.5
36 102,200,300 24 4o 25 30,0 2 ml sample
500,700, deleted
42 12,17,42 6 0 0 ]
k2 102 Y 3%.5 16.5 22,6
b2 200,300,500 21 59 3 32.0
700,
NOTE: IShots at termination times of 12 and 17 msec were fired at d, =
t5 in.
dc = 505 in.
hB = 6805 in.
0 100 1 - - 42,5
0 200 1 - - 245.0
0 300 1 - - 280.0
0 ® 1 - - 330.0
6 100 2 13.5 11.5 12.5
6 200 2 67.5 66,0 66.8
6 300, 4 158.0 133.0 18,0
12 100 2 7.5 7.0 7.3
12 200,300, 6 22 9 15.2
18 100 2 6 5 5.5
Continued
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R Termina- Number Cumulative Sample Volume Remarks

(in.) ‘tion Samples (m1)
Times Max. Min.  Ave.
18 200,300, 6 15.5 5.5 9.1
24 100,200,300, 8 9 L 6.8
(-]
30 100,200,300, 8 6 1.5 3.6
36 100,200,300, 8 1.5 T 0.5
42 100,200,300, 8 T 0 0.2
d, = 5.5 in.
hS = Mos in.
0 ® 1 - - 125
6 © 2 92 41 66.5
12 o 2 3 T 1.8
18 o 2 605 5. 6.0
2% ) 2 37 34 35.5
30 ® 2 6.5 7.3
36 ® 2 7 T 0.5
Lo P 2 0 0 0
d, = 5.5 in.
h = 92.5 in.
0 [ 1 - - 31”3
6 ® 2 190 138 16+
i2 © 2 31 T 19
18 ® 2 9.5 5 7.3
30 ® 2 N 1 2,5
36 o 2 T T 0.5
L2 ) 2 0 0 o}
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dc = T.5 in.

hs = 20,5 in.
R Termina-  Number Cunu.ative Sample Volume Kemarks
(in.) tion Samples {m1)
Times Max. Min. Ave.
0 17 3 2.5 T 1.0
0 300 1 - - 15
0 ® 1 - - 124
6 17 6 13 1 2.3
6 300 2 40.5 18.5 10.8
6 ® 2 114 76 95
12 17 6 3.5 2 2,5
12 300 2 11.5 10 10.8
12 ® 2 59 8 33.5
18 17 6 12 5 8.8
18 300 2 14 13 i3.5
18 ® 2 17 11 1%
24 17 6 22 15 17.3
24 300 2 18.5 17.5 18
24 ® 2 126 27 76.5
30 7 2 0 0 0
30 300 2 28 26 27
30 ® 2 103 52 7.5
36 17 L 0 o 0
36 300,00 4 31.5 26.5  29.4
k2 17 6 0 0 0
42 300 2 45,5 36 %0.8
h2 ® 2 56 51 53.5
Actual deptn for all shots terminated at 17 msec is d o © 6.3 in.
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dc = 7.5 in.
h‘3 = 68,5 in.

R Termira- Numher Cumiative Sample Vnlume Remarks

(in.)  tion Samples (m1.)
Times Max. Min. Ave.
o} 300 1 - - 299
0 0 1 - - 356
6 300 2 236 212 22k
6 ® 2 317 238 278
12 300, I 271.5 A 17.5
18 300, L 12.5 11 11.1
2k 300, L 11 7 9
30 300, b 3.5 1.5 2.4
36 300, L T T 0.5
k2 300,% 4 0 0 0
d = 12 in.
[+
h, = 20.5 in.
0 22,52 3 9 8.5 8.8
0 102 1 - - 18.5
0 300 1 - - 361
0 500,00 3 120 63 89.5
6  22,52,102 8 15 9 10.7
6 300 2 21.5 8 4.8
6 500 2 66 30 4.8
6 ® 4 134 Ly 107
12 22,52,102 8 1 8 9.5
12 300, 500 4 23,5 1.5 14
12 ® 4 115 23 70.3
18 22,52,102 8 17 11.5  1k.3
18 300,500 L 33.5 13.5  19.1
18 ® 3 3 48 2.5
24 22 3 18 16.5  17.3
24 52,102,300,500 8 32.5 1 23
24 ® L 178 39 92
30 22 L 3.5 2 2.8
Continued




R Termina-  Number Cumulative Sample Volume Remarks

(in.) tion Samples (m1)
Times Max. Min. Ave,
30 52,102,300, 8 30 23.5 26
£00
30 © L 118 48 83
o6 2.2 L o] 0 0
30 52 2 27 26 2€.5
36 102,300,500, 10 61 30 L
42 22 L 0 0 0
4o 5e 2 13 T 6.7
4o 102 2 35 19 27
42 300,500, 8 67 20 k8
d = 12 in.
[
hs = 68.5 in.
0 100 1 - - 76
0 200 1 - - 204
0 300, L 394 21k 304
6 100 2 32 16.5 2.3
6 200 2 & 'k} 52.2
6 300, 7 263 122 180 23 ml sample deleted
12 100,200, 12 Lo 1 25
300,
18 100,206,300,‘» 12 28 s 22
2k 100,200,300, 12 26 12 18
30 100,200,300,0 12 16 1 11
36 100,200,300, 12 17 T 8.3
L2 100,200,300, 9 10 0 3.1 Three O ml samples
dc = 12 in. deleted
h, = kh,5 in,
O © 1 - had 2)‘:5
6 €0 2 u hcs 708
12 2 2 2.5 2.5 2.5
18 © 2 T.5 5 6.8
24 ® 2 22.5 17 19.8
30 @ 2 37 27 3k
36 ® 2 23.5 8,5 16
l{,2 0 2 18 105 903
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d = ah in.
c

hs = 20.) in,
R Terining- Nudber Cunrulative Sampie Voiume  Remarks
(in.) tion Samples (ml)
Times Max. Min. Ave,
0 30 3 28 25 26,3
0 300 1 - - 94
0 ® 1 - - 110
6 30,300 8 3k 19 28
6 ® 2 55 29 k2
12 30,300 8 39 23 33
12 ® 2 128 48 88
18 30,300 8 32.5 22 27
18 © 2 105 83 o4
24 30 6 18 1 .2
24 300 2 31.5 23.5 27.5
24 ® 2 137 50 93.5
30 30 6 2.5 T 0.8
30 300 2 27.5 21 2.3
30 ® 2 45,5 19 32.3
36 30 6 0 0 0
36 300, L 2.8 22 4.8
h2 30 6 0 0 o]
k2 300, 4 23,5 10 19
dc = 22*' ino
h = 68.5 in.
0 300 1 - - 245
q [ 1 - - l“35
6 300 2 2.55 235 215
6 ® 2 31k 251 283
12 300, b 17 35.5 51.8
18 300;m L &0 15 32.2
24 300, L 22 8 15.5
30 300,00 L ic k.5 6.9
36 300,00 b Ts5 1 4.8
L2 300, L 3.5 T 2.0
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DASA-HYDRA 11A DIST.

INITIAL DISTRIBUTION

NAVY

CHIEFy» BUREAU OF SHIPS (CODE 320)

CHIEF, BUREAU OF SHIPS (COPE 210L)

CHIEF, BUREAU OF SHMIPS{CODE 1364A)

CHIEF, BUREAU OF SHIPS (CODE 423)

CHIEF, BUREAU OF NAVAL WEAPONS (RRMA-11}

CHIEFs BUREAU OF NAVAL WEAPONS (RRE-5)

CHIEF» BUREAU OF YARDS AND DOCKS (CODE 42.330)
CHIEF,» BUREAU OF YARDS AND DOCKS (CODPE 50)

DIRe BUREAU OF YARDS =DOCKS(NORTHWEST D1V)

CHIEF OF NAVAL OPERATIONS (0P-07T)

CHIEF OF NAVAL OPERATIONS (0P-446)

OFFICE OF THE CHIEF OF NAVAL OPERATIONS (OP-75)
DIRECTORy NAVAL RESEARCH LABORATORY (CODE 2021)
CHIEF OF NAVAL RESEARCH {CODE 418)

COs OFFICE OF NAVAL RESEARCHs FPO» NEW YORK

CO»=US NAVAL CIVIL ENGINEERING LABORATORY

COs NAVAL AIR DEVELOPMENT CENTER

COMMs UsSe NAVAL ORDNANCE LABes WHITE OAK (CODE EU)
COMMe UsSe NAVAL ORDNANCE LABss» WHITE OAK (CODE E)
COMMe UsSe NAVAL ORDNANCE LABe» WHITE OAK (CODE EA)
CDR NAVAL ORDNANCE TEST STATION

CO» UsSe NAVY ORDNANCE TEST STATION, PASADENA
DIRECTORs NAVAL WEAPONS LABORATORY sDAHLGREN

COs» UsSe NAVAL WEAPONS LAB,

CO-DIRe NAVY ELECTRONICS LABe (CODE 2532C)

CO~DIRe NAVY ELECTRONICS LAB. (CODE 2350)

CO~DIR» DAVID TAYLOR MODEL BASIN (CODE 775)

CO~0IRs» DAVID TAYLOR MODEL BASIN (CODE.700)

CO» DAVID W TAYLOR MODEL BASIN (UERD» CODE 780)
DEPs COMM+s OPERATIONAL TEST ~EVALUATION FORCEs PAC.
COMMs OPERATIONAL TEST-EVALUATION FORCEs ATLANTIC
DIRECTORy» ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE

ARMY

OFFICE OF CHIEF RESEARCH AND DEVELOPMENT (ATOMIC OFFICE)
CHIEF OF RESEARCH AND DEVELOPMENT (LIFE SCIENCE DIV)
OEPUTY CHIEF OF STAFF FOR MILITARY OPERATIONS (CBR)
CHIEF OF ENGINEERS (ENGMC-EB)

CHIEF OF ENGINEERS (ENGMC-DE)

OFFICE OF CHIEF OF ENGINEERS (ENGCW-Z)

CG ARMY MATERIEL COMMAND (AMCRD=-DE=-NE)

CGy BALLISTIC RESEARCH LAIORATORIES

U S ARMY EDGEWOOD ARSENAL

CO UsS+ARMY CBR COMBAT DEV COMMAND FTe MCCLELLAN)
COMMANDANT» CHEMICAL CORPS SCHOOLS {(LIBRARY)
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COMMANDANT ARMY WAR COLLEGE
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AIR FORCE

ASSISTANT CHIEF OF STAFF INTELLIGENCE (AFCIN-38)
CGy AERONAUTICAL SYSTEMS DIVISION (ASAPRD=NS)
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